Background and Purpose-Stroke mortality rates and case fatality of stroke have declined since the beginning of the 1970s in Sweden, but the incidence of stroke has been stable. The aim of this study was to analyze trends in long-term survival after stroke. Methods-Within the framework of the population-based WHO Multinational Monitoring of Trends and Determinants in Cardiovascular Disease (MONICA) Project, all acute stroke events were recorded in the age group 25 to 74 years in northern Sweden during the period 1985 to 1994. All first-ever stroke patients were followed for information on vital status (minimum follow-up time was 1 year). Survival time was related to time period of stroke onset, stroke diagnosis, and concomitant diseases. Results-Survival times for a total of 6819 first-ever stroke patients (4057 men and 2762 women) were analyzed.
C erebrovascular disease mortality rates have declined in the United States, western Europe, Japan, and Australasia during recent decades. [1] [2] [3] [4] [5] [6] [7] Changes in mortality rates over time could be attributed to changes in disease incidence or case fatality rate. Changes in risk-factor levels in the population because of, for example, improvements in hypertension detection and treatment, could result in a decreased incidence and less severe strokes. In several studies, changes in stroke incidence have been insufficient to explain the declining stroke mortality. 5,8 -10 As a corollary, case fatality in the acute phase of stroke has been reported to have declined markedly. 4, [11] [12] [13] Improved medical management, change in the severity of disease, or a better case-ascertainment, resulting in more mild strokes being identified, could explain improved case fatality. Long-term trends in late survival after stroke have only occasionally been reported. [11] [12] [13] In Sweden, stroke mortality declined in both men and women during the period 1969 to 1993.
14 Stroke incidence remained relatively constant in the Northern Sweden MONICA study during 1985 to 1991, whereas short-term case fatality declined among patients with first-ever stroke. 15 In our study, we analyzed time trends in long-term survival among stroke patients between 1985 and 1994 in the population-based Northern Sweden MONICA study. In particular, we wanted to study whether there were any changes in long-term survival after stroke, independent of changes in short-term survival (ie, 28-day case fatality) and after adjusting for other prognostic factors.
Subjects and Methods
A population-based stroke registry in the 2 northern-most counties in Sweden was established in 1985 as a part of the WHO MONICA Project. 16 In the Northern Sweden MONICA study, all acute cases of stroke in both men and women aged 25 to 74 years during 1985 to 1994 were registered according to the WHO MONICA protocol. 16 The study population was 310 348 in 1985 and 319 413 in 1994.
Diagnostic Criteria
The methods of case-finding and data quality control are described in detail elsewhere. 15, 17, 18 In short, medical records from all suspected acute stroke events and death certificates were validated by the WHO criteria, 18 and cases found to be acute stroke were included in the register. The WHO definition of a stroke excludes transient ischemic attacks and stroke caused by a trauma or malignancy.
Each case was classified into 1 of the 3 categories: "definite stroke," "unclassifiable," or "not stroke." The category "unclassifiable" was mainly used in fatal cases in which acute cerebrovascular disease was given as the cause of death on the death certificate but the clinical information was too limited to classify the event as a definite stroke. In the present paper, only cases classified as definite stroke were included in the nonfatal events, whereas fatal events also included cases coded as unclassifiable (fatal cases were persons who died within 28 days of stroke onset). Only first-ever strokes are considered in this study. Multiple strokes occurring within 28 days of the onset of the first attack were considered as 1 event.
The subtypes of acute stroke were based on the following examinations: SAH, ICD code 430, bloodstained cerebrospinal fluid and an aneurysm or an arteriovenous malformation found on angiography or positive finding on CT scan or necropsy; ICH, ICD 431, positive finding on CT scan or at autopsy; brain infarction, ICD 434, no signs of hemorrhage on CT scan or at autopsy; unspecified stroke, ICD 436, not investigated by CT scan or autopsy. ICD-8 was used until the end of 1986 and ICD-9 thereafter. In the analyses by subtype of stroke, 3 categories were defined: SAH (ICD 430), ICH (ICD 431), and possible IS (ICDs 434 and 436).
Information on the severity of the stroke and on other diseases such as diabetes and history of atrial fibrillation was obtained from medical records. The extent of motor deficits and presence of aphasia or dysphasia were recorded by the attending physician when the patient was first seen (in most of the events) or early during the hospitalization.
Mortality Follow-up
All subjects were followed up for information on vital status in 1997 with the help of the Cause of Death Register in Sweden, 19 which at that time included all deaths up to and including year 1995. Thus, every individual had a follow-up time of at least 1 year; median follow-up time was 4.7 years. Individuals not identified as "deaths" in the Cause of Death Register were assumed to be alive at the end of year 1995, as the register has a coverage over 99%. 19 For individuals identified as dead, information on cause of death was extracted. For individuals with unknown stroke onset date, this was assumed to be the 15th of the month of onset. As end point, death from any cause was used.
Statistical Analyses
Time periods of stroke onset were grouped in 2-year periods : 1985 to 1986, 1987 to 1988, 1989 to 1990, 1991 to 1992, and 1993 to 1994 . For univariate analysis, survival times were computed with Kaplan-Meier product-limit estimate, and hypothesis test of no change in survival over time was made by log-rank test. 20 Multivariable analyses of the proportion surviving for a given period after stroke onset were performed by logistic regression. Analysis of long-term survival among those who survived the first 28 days was also performed with logistic regression for 1-, 3-, and 5-year survival. Age at onset, time period, stroke diagnosis, and other diseases were considered as predictor variables. Results are presented as OR with 95% CI. Analyses were performed with the statistics package Stata.
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Results
During the study period 1985 to 1994, a total of 9362 stroke patients (5599 men and 3763 women) was registered in the Northern Sweden MONICA study. Of these, 6819 patients (4057 men and 2762 women) with personal identification numbers were identified as first-ever strokes. In Table 1 , the numbers of patients with first-ever strokes are shown by time period and stroke subtype. A modest increase in number occurred in the latter part of the study period, but distribution of stroke subtypes did not change over time. Median age of the patients remained approximately constant over the study period. Women had a somewhat higher median age at onset than men ( Table 1) .
The proportion of patients surviving 28 days and 1 year after stroke grouped by sex, age, and stroke subtype is shown in Table 2 . Overall, 85% of the men and 82% of the women survived the first 28 days. The proportion surviving 28 days varied from 46% among 65-to 74-year-old men with SAH to 95% among 25-to 54-year-old men with IS. For IS, survival rates were similar for men and women, whereas women with SAH and ICH had lower survival than men.
In the Figure the crude survival over the study period is shown. There was a statistically significant gradual improvement in survival over time (log-rank test, Pϭ0.0006). There were no apparent secular trends in case fatality during the first few days after stroke onset. Instead, the survival curves started to diverge from 1 week after onset (see insert of Figure) . In Table 3 , age-adjusted ORs for death for different time periods compared with the period 1985 to 1986 are shown. There were no clear changes in 2-day and 7-day case fatalities over time among patients with SAH and ICH, except a statistically significant increase among men with ICH. Among patients with IS, 7-day case fatality decreased over time, and the decrease was statistically significant among men. For 28-day and 1-year case fatalities, ORs decreased gradually over time for IS in both men and women. In all strokes, the OR for 1-year case fatality for the period 1993 to 1994 as compared with 1985 to 1986 was 0.70 (95% CI, 0.55 to 0.88) in men and 0.69 (95% CI, 0.53 to 0.90) in women.
Selected Abbreviations and Acronyms
In order to study whether the improved 1-year case fatality in first-ever stroke patients was attributed only to an improved early case fatality, we calculated survival times separately for those who survived the first 28 days. As shown in Table 4 , there was a similar gradual improvement in long-term survival for both men and women over time. In all strokes, the OR for 1-year case fatality was 0.73 (95% CI, 0.51 to 1.04) in men and 0.70 (95% CI, 0.44 to 1.09) in women for 1993 to 1994 as compared with 1985 to 1986. Secular trends in basal clinical characteristics among patients with first-ever stroke are shown in Table 5 . In both women and men, there was a statistically significant increase over time in the proportion with a history of atrial fibrillation. The proportion of patients found dead or unconscious increased somewhat over time. When adjusting for these factors, the increase in survival seen in Tables 3 and 4 became more marked, although the estimates of relative risk were of the same magnitude. When analyzed separately, there was no improvement in survival among patients with the most severe strokes (OR for 28-day case fatality period 1985 to 1986 as compared with 1993 to 1994, 0.90; 95% CI, 0.44 to 1.87 for men and women together).
In Table 6 , trends in the underlying cause of death (grouped into 3 groups: cerebrovascular disease ICDs 430 to 438, ischemic heart disease ICDs 410 to 414, and other causes) among those who died within 1 year from the onset are shown. There were no clear changes in the distribution of causes of death, although the proportion of deaths from ischemic heart disease tended to decrease in men, from 20% in 1985 to 1986 to 13% in 1993 to 1994 (not statistically significant).
Discussion
In this population-based study of first-ever stroke, both shortand long-term survival were found to have improved over the period 1985 to 1994 among patients aged 25 to 74 years. The observed improvement in survival could not be explained by changes in age distribution, by stroke subtype, or by changes in other important prognostic factors. An improving survival of patients with stroke has been observed in studies worldwide, of which several were hospital-based, 4, 11, 12 and a few were population-based. 13, 22 In Sweden, a decreasing case fatality was observed during the 1970s and 1980s 9, 13 and between 1985 and 1993. 22 It should be noted that this study covers only ages up to 75 years. A decreasing case fatality over time has also been observed in the elderly. 23, 24 Case fatality among patients with acute stroke increases with age 25 so that in most aging societies the majority of stroke deaths occurs after the age of 75 years. 14, 26 In Sweden, the decline in age-specific stroke mortality has affected all age groups, also those above 75 years.
14 Projections up to the year 2003 based on an age-period-cohort model have shown that, despite the demographic development, there will be no increase in the total number of stroke deaths in Sweden among both men and women aged 25 to 89 years. 14 In Sweden, the aging of the population is now leveling off, 27 but the situation is different in other countries where there will be a more dramatic increase in the number of elderly people in the coming years. Thus, projections performed in Italy have shown a major increase in the total number of stroke deaths over the next decades. 26 The strength of the population-based stroke register in the WHO MONICA study is that uniform registration and diagnostic criteria have been applied strictly over the study period. Case ascertainment in the Northern Sweden MONICA study has been validated twice, showing that the data are of high quality. 17, 18 Approximately 3% of the nonfatal cases in our study have been treated out-of-hospital. 17 This low proportion of out-of-hospital stroke cases is in agreement with other population-based stroke registers in Sweden. 28 -30 A more frequent use of CT scan over time could result in the identification of more milder strokes. However, cases identified only by CT scan, without focal neurological deficits, were not included in our study. Therefore, it is not likely that the observed improvement in survival after stroke is because of better case-finding over time.
Changes in survival after stroke could be affected by changes in the severity of the disease. This could result from changes in risk factor levels in the population or from an increase in public awareness of stroke. Trends in risk factor levels for cardiovascular disease in northern Sweden have been in part favorable, with a decline in serum cholesterol levels in both men and women and a modest decline in blood pressure levels among women. 31 However, body mass index has tended to increase, especially among younger age groups. 31 Smoking has shown diverging trends, declining in men but not changing in women. 31 Studies that support the hypothesis that stroke is becoming a less severe disease have been published. 12, 15, 32, 33 However, in our study the proportion of patients found dead or unconscious tended to have increased over time. There were no apparent changes in case fatality during the first few days after stroke onset, which is in accordance with the increased Secular trends in survival after first-ever stroke during 1985 to 1994 in the Northern Sweden MONICA study, ages 25 to 74 years. proportion of patients found dead or unconscious at onset. Thus, in stroke patients with the most severe strokes (ie, unconscious patients), there was no improvement in survival. Therefore, the improvement reported here becomes even more pronounced for patients with less severe strokes. Improved case fatality over time has been reported previously to have occurred in patients with less severe deficits, whereas no improvement occurred among those with severe deficits.
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It has been hypothesized that the increase in hypertension detection and treatment has been a major reason for declining stroke mortality, 34, 35 affecting also case fatality indirectly. However, in-depth analyses have shown that only a small part of the stroke decline can be attributed to improved hypertension control in the general population. 3, 36 The introduction of specialized stroke units, providing more accurate management of patients, has reduced acute stroke mortality substantially at 3-month follow-up according to a meta-analysis. 37 In Sweden, specialized stroke units and stroke teams have been widely established during the last decade. As there have not been any other major advances in medical or surgical treatment of acute stroke during the study period, it is possible that the increasing establishment of stroke units partly explain the improvement in survival after stroke, also on the long-term. The fact that improved survival did not occur until after the first few days is in accordance with this contention.
Of the stroke subtypes studied, patients with IS had the most marked decline in risk of death. This group was also the only group in which changes reached statistical significance. In the 2 other groups, SAH and ICH, numbers of cases per time period and sex were small, thereby the power of the tests was low. However, there was a tendency toward lower risk over time also in these 2 groups, especially among women. An exception was short-term survival among men with ICH, where an increased mortality was observed. These 2 groups also had higher 28-day case fatality as compared with patients with IS.
Improvements in long-term survival could be merely a reflection of the improved short-term survival. However, when the analyses were restricted to the group surviving the first 28 days, an increased proportion of long-term survivors was also observed. Hence, the changing survival after stroke is not restricted to the improvements in acute phase, but it is likely that the improved secondary prevention after stroke has contributed to better long-term survival. Improved scientific documentation of the beneficial long-term effects of antiplatelet agents in patients with IS 38 and of oral anticoagulants in those with atrial fibrillation 39 has had a major impact on clinical practice. In Sweden today, nearly all surviving patients less than 75 years of age who have had an IS are discharged from the hospital with either antiplatelet drugs (63%) or oral anticoagulants (31%) (unpublished data from the Northern Sweden MONICA Center). If the effects demonstrated in clinical trials are directly transferable to routine health care, the widespread use of antithrombotic agents has contributed substantially to the improved long-term survival. On the other hand, less than 3% of all stroke patients are subjected to carotid surgery (unpublished data from the Northern Sweden MONICA Center), so this procedure contributes little to improved survival on the population level.
There were no clear changes in the distribution of causes of death among those who died within 1 year from the stroke onset. The proportion of deaths attributed to heart infarction declined somewhat among men. This could be seen as a marker for improved management of other cardiovascular diseases in conjunction with stroke. On the other hand, among women no such shift in cause of death was seen.
Comparison of survival rates between different studies is complicated by different registration procedures, differences in diagnostic criteria, and differences in study design. Compared with other populations in the WHO MONICA study, with uniform case ascertainment and registration procedures, 28-day case fatality in northern Sweden is among the lowest. 40 Stroke incidence in northern Sweden has been rather stable, 15 although a modest increase in numbers was observed in this study. Similarly, in southern Sweden, incidence of stroke did not vary much during 1986 to 1990, 41 and an increasing incidence has been reported for women. 28 Therefore, the declining stroke mortality observed in Sweden 14 can largely be attributed to the improved survival after stroke.
In summary, improved survival, both short-and long-term, was observed in the Northern Sweden MONICA Study during the period 1985 to 1994. These improvements cannot be explained by changes in known confounding prognostic factors. The improved long-term survival was not just because of improvements in short-term survival.
